Résumé. -Le temps de relaxation de la biréfringence magnétique de 
Among experimental tools available for the study of colloidal solutions, transient birefringence measurement is a simple, fruitful and often used technique. Transient electric birefringence is presently well known through both theoretical and experimental studies [1] [2] [3] [4] . If the studied colloidal solution is polydisperse, it is possible to perform different measurements in different and well defined asymptotic regimes where the signal decay is related to given order moments of the size distribution [3] , allowing a complete characterization of the solution.
Transient magnetic birefringence, for its part, is a method of analysis of ferrofluid solutions. Ferrofluids are colloidal suspensions of monodomain magnetic grains of typical size 100 A. Immersed in a constant magnetic field H, the magnetic moment of these grains tends to align along H through two different processes : Brownian rotation or Neel relaxation [5] . If Brownian relaxation is predominant, the solutions may exhibit an optical birefringence which saturates for magnetic fields ca. 104 Oe. In contrast with transient electric birefringence, the high-field asymptotic regime is quite inaccessible : for aqueous ferrofluids, a pulsed magnetic field of 104 Oe with a time cut-off of 102 ns would be required. It is then impossible to use this technique to determine the whole size distribution of particles. However the experiment in low and intermediate fields is relatively simple to set up and is frequently used as a characterization of ferrofluids [6] [7] [8] [9] [10] [11] . The purpose of this paper is, with respect to previous studies on electric birefringence [3] , to clarify the hydrodynamic size determined in the zero concentration limit, from transient magnetic birefringence. The hydrodynamic size deduced from these measurements is always much larger than sizes determined from electron microscopy or magnetization measurements, whatever the particle stabilization (electrostatic stabilization for ionic ferrofluids or polymeric one for surfacted ferrofluids [14] , as in [17] , the size dependence of P (d) is taken into account, it is frequently omitted [13, 15, 16] : it does not affect determinations but the deduced dmp values have to be modified by a multiplying factor : exp (-3 u 2) (see Appendix I).
35 % larger than those determined from the magnetization curve [13, 16] . This may be explained by the details of particle rotation (cf. Sect. 4).
Now if a square pulse of magnetic field H is applied to the ferrofluid solution [10, II] , magnetic particles first tend to align along the field leading to birefringence 8n(H) (cf. Exprs. (3) and (4)), and, as the field is switched off, they thermally relax to random directions ; birefringence exponentially decreases according to Perrin's law [18] . The [11] ). [6] .
In order to clarify the effect of sample polydispersity on the dynamic magnetic birefringence, systematic hydrodynamic measurements are performed on ionic ferrofluids of various size distributions. 3 . Experiments.
The samples are aqueous y-Fe203 ferrofluids obtained using a chemical synthesis described in [19] [20] [21] . Their size distribution is tested using various, techniques : electron microscopy, magnetization and, for a few samples, static birefringence measurements as in [13] . The saturation magnetization of the particles is found to be equal to 4 7Tms = (3.4 ± 0.5 ) 103 G. Remanent magnetization measurements on frozen solutions at low temperatures show [13] that the anisotropy constant of isolated particles is the same as in bulk material without any shape anisotropy contribution. The experimental apparatus used for hydrodynamic measurements is the short time set-up fully described in [11] . The magnetic pulse is of order 100 Oe and its duration is large enough in order that the equilibrium birefringence 5n (H) is reached before the relaxation measurement. TH is deduced from the initial slope of In (An (t ) ) versus t (cf. Exprs. (8) and (9) (9) , the relaxation time TH may be computed. In a very similar way as in [3] for transient electric birefringence, one obtains that if tIT (d ) 1 (8) , it only produces an increase of dH of the order of less than 2 e/dH ; that is a 10 % increase for dmP = 100 A and an ideal sample of a = 0, but only a 2 % increase if a = 0.5. The influence on dH of such an external layer is thus much lower than the polydispersity effect as calculated from expression (8) .
This birefringence relaxation leads to a determination of the particle diameter dH much larger than dmp, the most probable diameter of the size distribution. In figure 1 , the arrow corresponds to the calculated of dH value using the log-normal distribution found from electron microscopy measurements ; this shows that dH, or identically TH, determinations mainly probe the tail of the size distribution. The pulse of the magnetic field, due to its low intensity, only induces a birefringent signal from the largest particles.
Measurements on figure 3 and calculations of figure 4 (a) the details of the particle rotation in a magnetic birefringence experiment.
(b) the validity of a log-normal distribution for the tail of the largest particles in the samples. a) When immersed in a constant magnetic field H, the magnetic moments of ferrofluid particles tend to align along the field. They may achieve thermal equilibrium through two different processes [5] :
Brownian rotation or Neel relaxation, leading respectively to extrinsic and intrinsic superparamagnetism : -for Brownian rotation, moment alignments are achieved by a rotation of the whole particle in the carrier liquid ; the magnetic moment is locked in an easy direction of magnetization. In a liquid solution both mechanisms occur, the dominant process being determined by the shortest characteristic time. For large values of KV /kB T, the Brownian rotation of the whole particle is the dominant behaviour and for low values of KV /kB T, the Neel relaxation of the magnetic moment is the dominant one, the boundary between these two ranges being dependent on the time scale of the experiment [22] . [13] . Birefringence is thus only due to the mechanical rotation of the grains and has a dielectric physical origin (as far as magnetic particles are roughly spherical).
In liquid solutions, the particles contributing to the birefringent signal are only those for which the Brownian rotation is the dominant behaviour: the particles with a diameter larger than ds, the so-called Shliomis diameter [22] . Thus in expressions (3) and (8) Fig. 1)) . A slight deviation in the tail of the log-normal distribution, imperceptible in a magnetization curve, can strongly modify the dynamic birefringence.
Thus for samples of very narrow distribution, the experimental determinations of dH, which is twice larger than dmp, are well explained with the size distribution of expression (1) . On the contrary, the samples of very broad distribution exhibit a tail of larger particles ill-described by a log-normal law. This tail may contain small aggregates [13] which cannot be distinguished from single particles in a birefringence relaxation measurement. As these small aggregates frequently adopt chain conformations [23, 24] , they may exhibit a shape anisotropy which could explain the large dH values of the more polydisperse samples.
As dynamic birefringence relaxation is very sensitive to the largest particles in solution, it appears to be a powerful technique to establish the tail of a sample size distribution. It may be important, for example, in the analysis of the onset of remanent magnetization of frozen ferrofluids [13] or in the study of phase separation induced, for ionic ferrofluids, by an excess of counterions in solution [25] . 5 
